The existing thermochemical data on the normal olefin (al kene-I) hydrocarbons are reviewed and conelated. These data are used in conjunction with the value previously proposea for the increase in the heat content per added CH2 group to obtain values for those members of this series of hydrocarbons for which no calorimetric data exist. For all these hydrocarbons in the gaseous state, selected "best" values are given for the h eats of combustion at 25°C and for the heats of formation, from solid carbon and gaseous hydrogen , at 25°C and OOK.
The purpose of the present paper is to deduce reliable values for the heats of combustion and of formation of all the normal olefin (alkene-I) hydrocarbons in the gaseous state by using the fonowing:
(1) the generalization recently made by one of the authors [1] 1 that, in any organic molecule containing a normal alkyl group of more than five carbon atoms, the addition of a CH2 group to the normal alkyl radical to form the next higher normal alkyl group r e;:3ults in an increase in the heat of combustion of the organic molecule in the gaseous state, at a temperature of 25° C and a constant total pressure of 1 atmosphere, of 157.00 ± 0.08 kilocalories per mole; (2) the heats of combustion of ethylene and propylene recently measured in this laboratory [2] ; (3) the heats of hydrogenation of ethylene, propylene, normal butene-I, and normal heptene-l recently reported by Kistiakowsky, Vaughan, et al. [3, 4] ; and (4) the heats of combustion of hydrogen and of the gaseous normal paraffin hydrocarbons as reported from this laboratory [5, 11. 1 Tbe numbers in brackets here and througbont the text reCer to tbereCerences at the end oCthe paper.
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II. UNITS OF ENERGY AND MOLECULAR WEIGHTS
The values of energy given in this paper UTe based upon the international joule as derived from standards maintained at this Bureau. As in previous papers, the following conversion factor [6] is used for reporting the results in terms of the defined calorie:
1 NBS international joule= 1/4.1833 caiorie.
The establishment of the uncertainties attached to the vanous values presented in this paper follows the procedure described in reference [6] .
It is to be emphasized that the molal units of mass associated with the values given for the heats of combustion represent true moles well within the limits of uncertainty of the selected values because (1) the experimental values of heats of combustion are entirely independent of the atomic weight of carbon, the number of moles of hydrocarbon being determined from the mass of H 20 formed in the combustion [1, 8] , and (2) the relatively small values of heats of hydrogenation are expressed in terms of moles as determined from the mass of CO2, so that in this latter case the atomic weight of carbon enters as only 12/44 and can make only a negligible absolute error in the energy value finally deduced. For the heats of formation, a little greater uncertainty [1] is introduced because the existing data for the heat of formation of carbon dioxide from its elements are based upon the mass of carbon burned, and consequently the values carry the full uncertainty in the value for the atomic weight of carbon, in addition to the calorimetric and thermodynamic uncertainties.
III. EXISTING DATA
The existing data on the heats of combustion of ethylene and propylene have already been reviewed [2, 7] .
"Calculated" values for the heats of combustion of ethylene and propylene have also been derived by the authors [2] using values for the heats of combustion of bydrogen, ethane, and propane obtained in this laboratory [5, 8] and values for the heats of hydrogenation of ethylene and propylene obtained at Harvard University [3, 4] :
The sum of reactions (1) and (3), less reaction (2), yields the reaction for the combustion of the olefin hydrocarbon:
In a manner similar to that above, there can be obtained "calculated" values for the heats of combustion of gaseous normal butene-1 and gaseous normal heptene-l, using the following data: for the heats of combustion of normal butane and normal heptane, according to reaction (1) (5) which has been calculated by Kassel [17, 18] .
From the value thus calculated for the heat of combustion of gaseous normal heptene-I, which should be a reliable one judging from the accord previously found between the "calculated" and experimental values for ethylene and propylene [2] , there can be derived values for the heats of combustion of all the normal olefin (alkene-I) hydrocarbons above heptene by using the generalization mentioned in the introduction of this paper [1] . In this manner, there is obtained for the reaction
with n>5, for 25° 0 and 1 atmosphere, -M-!=178.90+157.00(n-I) kilocalories per mole (7) with an uncertainty of about ± (O.IOn-O.IO) kilocalories per mole, where n is the number of carbon atoms per molecule. There is reported in the literature one value for the heat of combustion of "amylene" and one for "hexylene", the latter being carried out in a bomb at constant volume. The former was reported by Favre and Silbermann [9] in 1852 and the latter by Zubow [10, 11] in 1898. Because of the uncertainty as to the purity and isomeric form of the actual material burned and as to the unit of energy of these early experiments, these two values are considered to be of historical interest only.
The experimental values for ethylene and propylene, and the "calculated" values for ethylene, propylene, normal butene-I, normal heptene-I, and the normal olefins (alkene-I) above heptene, are shown in figure 1 . By interpolation on this chart, reliable values are obtained for cnormal pentene-l and normal hexene-I, of which neither the heat of combustion nor of hydrogenation has ever been measured experimentally. (10 ) a previous review of the existing data [1] yielded, for reaction (9), -DoH=94 .20±0.08 kilocalories per mole at 25° C and 1 atmosphere, where the amount of reaction was determined from the mass of carbon and 1 gram-atom of carbon was taken as 12.007 ±0.003 g. The International Committee on Atomic Weights this year [16] changed the value for the atomic weight of carbon from 12.00 to 12 .01. The available data indicate rather definitely that the uncertainty in the new value cannot be more than about 0.003. Taking 1 mole of carbon dioxide as given by I2.01O±O.003 g of carbon, the value for the heat of reaction (9) becomes -DoH= 94.22±0.08 kilocalories per mole at 25° C and 1 atmosphere. Since this value is still substantially the same as the old one, 94.24 (see [1] ), the values already used [1] for reactions (9) and (10), namely, -M:l=94.24±0.IO and 94.46±0.IO kilocalories per mole, respectively, at 25° C and 1 atmosphere, will be used in the present calculations.
With the foregoing values for the heats of formation of water and carbon dioxide and the values for the heats of combustion given in table 1, there are obtained the values for the heats of formation of the gaseous normal olefin (alkene-I) hydrocarbons at 25° C as given in table 2.
For the reaction nC (e, graphite)+nH2(g)=CnH2n(g) (11) (14) where Do has the same values as above. [17, 18] has estimated that the value is 0.254 kilocalories per mole less than that of the corresponding paraffin. By combining this with the equation previously given by Kassel for the normal paraffin hydrocarbons [1] , there is obtained for the gaseous normal olefin (alkene-I) hydrocarbons, '" ., 
where 6. has the same values as for equation 16. In figure 2 is shown the relation between the number of carbon atoms in the molecule and the deviation from linearity in the energy of dissociation [1, 12] of the normal olefin (alkene-I) hydrocarbon into normal gaseous carbon and hydrogen atoms, at 0° K, according to the reaction (18) The 
